The peptide hormone gastrin is the major regulator of gastric acid secretion and growth of the gastrointestinal mucosa. Originally gastrin was isolated from antral mucosa as a heptadecapeptide amide, the principal hormonal form (1, 2), but subsequently longer and shorter forms have been identified (3) (4) (5) (6) . The various forms of gastrin arise by post-translational processing of a common large precursor (7, 8) . Determination of the nucleotide sequences of porcine (9) and human (10) gastrin cDNAs showed that the precursor form in humans is 101 amino acids long, while the corresponding porcine sequence is 104 amino acids in length.
For the purpose of further elucidating the regulation of the synthesis of this hormone, a gastrin gene was isolated from a human genomic library. In this paper, we report the nucleotide sequence of this gene.
MATERIALS AND METHODS
Enzymes and Reagents. Restriction endonucleases were purchased from New England BioLabs. Polynucleotide kinase (ATP:5'-dephosphopolynucleotide 5 Benton and Davis (12) . The hybridization probe was nick-translated (13) plasmid pHG529 (10) , which contains the entire coding sequence of human gastrin cDNA. Phage DNA prepared from positive plaques was digested with appropriate restriction endonucleases, and the resulting fragments were characterized by Southern blotting analysis (14) .
, complementary to the sequence surrounding the initiation codon AUG in human gastrin mRNA, was synthesized by the triester method (15) . Labeling of this oligonucleotide at the 5' end with T4 polynucleotide kinase followed a published protocol (10) . With this pentadecamer as a primer, construction of singlestranded cDNA copies of the 5' end of human gastrin mRNA was carried out as described (10) .
DNA Sequence Analysis. In most instances, the dideoxy chain termination method of Sanger et al. (16) was used as described (17) . In some cases, restriction fragments were 3'-end-labeled with [a-32P]dATP and DNA polymerase I, and the DNA sequence was determined by the chemical cleavage procedure of Maxam and Gilbert (18) . The latter procedure also was used for sequence determination of 5'-end-labeled, single-stranded gastrin cDNA.
RESULTS
Isolation and Analysis of Human Genomic Gastrin DNA. Screening of a human genomic phage library (11) revealed 30 plaques hybridizing to cloned human gastrin cDNA (pHG529) (10) . After purification of the plaques, DNA was isolated from all 30 clones and analyzed by the Southern blotting procedure after digestion with various restriction endonucleases. For the initial analyses, plasmid pHG529 was used as hybridization probe. However, this plasmid does not contain more than eight nucleotides of the 5' noncoding region (10) . In order to get a probe specific for this particular region, a single-stranded human gastrin cDNA was synthesized and labeled with [a-32P]dATP. mRNA isolated from a human gastrinoma was used as template, and the pentadeca-
, complementary to the sequence around the initiating AUG of the gastrin mRNA, was used as primer (10) .
Four different genomic clones were identified; XHG1, XHG2, XHG3, and XHG4 (Fig. 1) . The isolated 30 clones were identical to any of these four. Furthermore, the four different clones represent overlapping fragments of the same region of the human genome. Fig. 1 shows a physical map of this region, covering a total distance of approximately 19,500 base pairs.
DNA Sequence Analysis. Fig. 1 I ------'Al.
. .
GCTCCAGTACCTACCCTGGTATTCCCAACCTTGCCTTCCACCTGCCCTTCTGCCGCAGCCGGGG-CTCATCAGCAGGTATTAGGCCTGGAGGCCTCTAGGTTCAGTCCCCTGCCTCTGGGCCTCTGTGGGGACAGCCTCACCCTTAAGCTAGTCCCTTCTCCCCTTTGC
Proc. NatL Acad ScL USA 81 (1984) The nucleotide sequence of the human gastrin gene and that of the 5' noncoding part of the human gastrin mRNA is shown in Fig. 2 . It was not possible to read the first couple of nucleotides of the 5' end of the mRNA sequence. The first nucleotide of the sequence shown (C) differs from the nucleotide in the corresponding position of the genomic sequence (A). This may be a true difference or it may be due to misreading by the reverse transcriptase at the 5' end of the mRNA.
DISCUSSION
The sequence of the chromosomal gastrin gene derived from normal human fetal liver DNA (11) is in complete agreement with the corresponding cDNA sequence. The cDNA was transcribed from mRNA that was obtained from a human pancreatic gastrin-producing tumor, a gastrinoma; therefore, it is concluded that this highly malignant tumor, which contains high concentrations of gastrin, is expressing a normal gastrin gene.
The transcriptional initiation site, the cap site, was located in the following way. The cDNA primed with the pentadecanucleotide complementary to the sequence around the initiation codon AUG in human gastrin mRNA was about 70 nucleotides in length. If one assumes that the reverse transcriptase reaction goes to completion, this places the 5' terminus of the mRNA 67 nucleotides from the initiating AUG. The corresponding position in the genomic DNA is an A that is preceded by a C, in agreement with the cap site consensus sequence. The canonical T-A-T-A-A sequence (19) is present 26 base pairs upstream from the putative cap site. Even further upstream, 86 base pairs from the cap site, the sequence G-A-C-T-C-A-T-A-T constitutes a region reminiscent of sequences found in this position in other eukaryotic genes and may have regulatory significance (19) .
The human gastrin gene contains two introns. One of these (intron I) is about 3500 base pairs long and is situated in the 5' noncoding region, 5 base pairs upstream from the ATG initiation codon. Introns in the 5' noncoding region are commonly found in genes coding for peptide hormone precursors-e.g., preproparathyroid hormone (20) , pro-opiomelanocortin (21-24), preproenkephalin (25) , prolactin and growth hormone (26) , and preproinsulin (27, 28) .
The second intron (intron II) is 129 base pairs long and interrupts codon 71. It is located close to the DNA sequence corresponding to the amino-terminal site of the two basic residues that constitute a processing site for gastrin 17, the principal hormonal form. Thus, intron II separates the principal hormonal function from the rest of the gastrin precursor and, therefore, is another example of an intron separating functional domains (29) . It is also worth noting that intron II separates the homologous sequences corresponding to codons 41-54 and 74-87, respectively (10) .
The sequences around the exon/intron junction at the 5' and 3' ends of both introns are in agreement with the consensus sequences reported for splice donor and acceptor sites (19) .
By comparison of the 3' end of the human gastrin gene with the corresponding cDNA sequence of clone pHG529 (Fig. 2 and ref. 10) , the poly(A) addition site is located at nucleotide position 534. However, sequence analysis data of two other cDNA clones (Fig. 2) that were isolated in a previous investigation (10) indicate the presence of poly(A) addition sites at positions 533 and 531, respectively. It is not known whether these results reflect true heterogeneity in gastrin gene polyadenylylation or, rather, constitute an artefact of cDNA construction and cloning.
Note Added in Proof. Regrettably, typing errors have occurred in the nucleotide sequence of the human gastrin gene (Fig. 2) . The correct sequences are as follows. 
